We present a method for an epi-illumination immunohistochemical double staining approach. The method combines the use of an immuno-alkaline phosphatase technique and the immunogold-silver technique, visualized with epifluorescence and epi-polarization illumination, tespeaiVely. Out of six tested alkaline phosphatase activity-revealing methods, only the reaction product obtained with the W o n Dickinson CAS Red kit showed an intense red fluorescence with a rhodamine filter set and no signal with epi-polarization illumination. The silver precipitate did not exhibit any sig-
Introduction
Immunoenzyme double staining techniques are often the method of choice to identdy two antigens simultaneously (14, 26) . When both antigens occur at about the same concentration, both single colors and a mixed color at sites of co-localization are simply and reliably distinguished. However, when both antigens occur in concentrations that are widely different, subtle mixed colors may pass unnoticed easily. In such instances, double immunofluorescence methods may yield better results (11, 20) , because the use of traditional fluorochromes allows separate identification of two antigens (8, 16) . This introduces the problem, however, that immunofluorescence does not provide full microscopic detail and that the technique cannot be applied with all tissues and with all types of fixatives, while the fluorescence rapidly fades (19) .
To improve discrimination among basic colors, the combination of an immunoenzymatic technique and the immunogold-silver (IGS) staining technique has been most successful (23). This opened the possibility of observing both reaction products with brightfield microscopy or of visualizing silver-enhanced gold particles with epi-Correspondence to: c. M. van polarization microscopy (6, 9, 10, 21) . However, separate observation of the two reaction products is not possible and separate black-andwhite photographic recording cannot be done.
An alternative approach may be provided by the fact that alkaline phosphatase (AP) activity detected with naphthol AS-MX phosphatelFast Red TR (N-ASMXP/ERTR) produces a red reaction product which shows a red fluorescence when observed with an epi-fluorescence microscope equipped with a rhodamine filter set (5, 27) . By combining this fluorescent AP activity detection with fluorescein isothiocyanate (FIE) as second reporter molecule, double staining could be performed (15J7). In comparison with traditional fluorochromes, the red fluorescence of the N-ASMX-P/FRTR reaction product showed hardly any fading (17) . Indeed, when we tested this detection method the red fluorescence was found, but it showed an intensely brightly yellow image with epi-polarization illumination as well. Therefore, the N-ASMX-P/FRTR reaction was not suitable to be combined with the IGS method for double staining purposes. When we compared six different AP detection methods, we found that the final AP activity reaction product obtained with one commercially available kit (Becton Dickinson CAS Red) showed red fluorescence but lacked a signal with epipolarization illumination. This finding formed the basis of a new concept to visualize two different antigens stained immunohistochemically in one tissue section, using two epi-illumination microscopic techniques.
Materials and Methods

Antibodies and Related Reagents
Normal goat Serum (NGS), normal mouse serum (NMS), rabbit anti-FIE, mouse anti-macrophage (done HAM56, IgM isotype), mouse anti-smooth muscle actin (clone 1A4, IgG2a isotype). AP-conjugated goat anti-mouse Ig (GAMIAP), AP-conjugated goat anti-rabbit Ig (GARIAP), biotinylated goat anti-mouse Ig (GAM/bio), AP-conjugated sueptavidin (SttepIAP), New Fuchsin AP detection kit, and glyceridgelatin were from DAKO (Glosuup, Denmark). Mouse anti-muscle actin (clone HHF35, IgGl isotype) was from Enzo Diagnostia (New York, NY). Mouse anti-endothelium antibodies PALE (IgG2, &type) and EN-4 (IgGl isotype) were from MonoSan (Uden, The Netherlands). FIE-conjugated mouse anti-Leu 3a (CD4/FIE), mouse anti-Leu 2a (CD8), and CAS Red alkaline phosphatase detection kit were from Becton Dickinson (Mountain View, CA). Rabbit anti-collagen TVpe IV was from Organon Teknika (Oss, The Netherlands). Ultra-small goldlabeled goat anti-rabbit Ig (GARIUSG), ultra-small gold-labeled goat antimouse Ig (GAMIUSG), ultra-small gold-labeled goat anti-biotin (GABIOI USG), coldwater fish skin gelatin, and silver enhancement kit were from Aurion (Wageningen, The Netherlands). AP-conjugated goat anti-mouse IgG2, (GAM-IgGdAP), biotinylated goat anti-mouse IgM (GAM-IgMlbio), and biotinylated goat anti-mouse IgGl (GAM-IgGl/bio) were from Southern Biotechnology Associates (Birmingham, AL). Naphthol AS-MX phosphate (N-ASMX-P), naphthol ASBI phosphate (N-ASBI-P), Fast Red TR, Fast Red Violet LB, polyvinyl alcohol (MW 80,000-100,000, hotwater soluble), and levamisole were from Sigma (St Louis, MO). New Fuchsin and sodium nitrite were from Merck (Darmstadt, Germany).
Tissues
Hyperplastic human tonsils were obtained at surgery. Human heart tissue and coronary arteries were obtained at autopsy. The heart specimens showed both normal and ischemic areas. The coronary artery segments contained arteriosclerotic lesions with smooth muscle cells and macrophages. Normal human thymus tissue was obtained at autopsy of a 3-month-old infant.
Tonsil, thymus, and heart tissues were snap-frozen in isopentane cooled with liquid nitrogen. Cryostat sections were cut at 5-pm thickness, mounted on organosilan-coated object glasses, dried overnight. fixed in pure acetone for 10 min at 4'C, wrapped in aluminum foil, and stored at -20°C. The coronary arteries were routinely fixed in 4% buffered formalin and paraffin-embedded. Sections were cut at 5-pm thickness, mounted on organosilan-coated object glasses, and dried overnight at 37°C. Before immunohistochemistry the sections were dewaxed in xylene and rehydrated in graded alcohols.
Antisera, antibody/enzyme conjugates, and streptavidin reagents were diluted in Tris-HCI(50 mM, pH 7Qbuffered saline (TBS) + 1% bovine serum albumin (BSA). TBS washings were performed between all steps (three times for 2 min), and all incubations were performed at room temperature (RT). Antibodylultra-small gold (USG) conjugates were diluted in TBS + 0.8% BSA + 0.1% coldwater fish skin gelatin. This solution was also used for washing before and after the incubation with the antibodylUSG conjugate (three times for 10 min).
Alkaline Phosphatase Cytochemistry
Before starting the double staining experiments, the optimal dilution of GAM/AP conjugate was tested. Three different commonly applied AP visualization methods and three commercially available kits, all with a final red reaction product, were compared with respect to their properties 'n brighdield, epi-fluorescence, and epi-polarization microscopy. Briefly, acetone-fixed cryostat sections of the tonsil were subsequently incubated with NGS (15 min), anti-Leu 14 (undiluted, 60 min) and GAMIAP (1:10-1:500, 30 min). A negative control consisted of an experiment with omission of the primary antibody. AP activity detection was performed with
and without the addition of 9% polyvinyl alcohol (PVA) (17.25). Genex).
Chromogens
turer (DAKO).
All AP activity visualizations included the addition of 1 mM levamisole (1) and all were performed at RT for either 2-4 min ("short") or 7-10 min ("long") (see Table 1 ). The reaction process was stopped by rinsing the specimen in distilled water. The results were examined with an Olympus BHS photomicroscope equipped with a mercury lamp (100 W) and a x 40 immersion-oil objective. Specimens were examined by bright field microscopy, epi-fluorescence microscopy with a rhodamine filter set, and epipolarization microscopy with an IGS filter set.
Double Staining Protocols
After establishing the ideal procedure for developing AP activity with regard to a negative epi-polarization image, four different double staining BioGen'cx) ; VI, New Fuchsin Kit (DAKO). 6 Results are given for "short" (2-4 min) and "long" (7-10 min) AP Ictivity visualization reaction times. d -, no staining; * , wclk staining; + , modemtc staining; + + , strong staining; + + + +, very strong staining.
Results of the control experiments, with omission of the p h v y antibody, arc given in parentheses.
protocols were followed to test the applicability of the present double AP-IGS epi-illumination technique. The rationale for these double staining methods has been reviewed recently (23). Sections were rinsed briefly in TBS and covered with 10% NGS for 15 min. After blotting off the NGS, incubation with the fmt antibody was started without TBS washing. Controls were performed by alternatively replacing one of the primary antibodies by a non-immune antibody, identical to the species or subclass used in the double staining experiment. Dilutions of these non-immune reagents were matched with the specific primary antibody concentration.
Protocol a. This was tested on the paraffin sections of human heart. After performance of all steps, AP activity was developed fmt. Subsequently, the sections were thoroughly rinsed with running tapwater (15 min) and cleansed with distilled water (5 min). Next, silver enhancement was performed according to the insuuctions of the manufacturer (Aurion) at RT for 5-15 min. After washing with distilled water the sections were mounted with glycerin/gelatin. Some specimens were counterstained with hematoxylin after silver enhance". Fluorescence and epi-poluitation signals were recorded using HP5 (Word) for black/white and Ektachrome EL400 (Kodak) for color photography. Both 400 ASA films were exposed at 3200 ASA, but routinely processed.
Results
Titration of the GAMIAP conjugate showed a weak red staining at a dilution of 130 and a "short" AP activity detection when observed with brightfield microscopy. With the rhodamine filter set an intensely red fluorescence signal was obtained with green light excitation. At a lower dilution ofthe GAMIAP conjugate a gradual increase ofthe red precipitate occurred with brightfield illumination, but there was no increase of the fluorescence signal intensity. Therefore, the optimal 1:50 dilution of GAMIAP and GAR/AP was used throughout the study. A short nuclear counterstain with hematoxylin did not interfere with the double staining results.
With single staining, using the six AP activity visualization methods, a moderate (Chromogens 111 and VI) to strong (Chromogen I, II, IV, and V) red fluorescent precipitate was obtained ( Table 1) . Three of those (Chromogens I, 11, and V) also showed moderate to high signal levels with epi-polarization illumination, with images very close to those of silver-enhanced gold particles.
Only the red reaction product obtained with the CAS Red kit was completely dark when observed with epi-polarization microscopy. A "long" AP activity reaction time gave a stronger brightfield signal, but it did not appear as a stronger fluorescence signal irrespective of the AP method applied. Specimens undergoing "long" AP activity reaction times showed relatively high nonspecific fluorescence of all tissue elements compared with "short" reactions. The New Fuchsin methods (Chromogens III and VI) produced hgh nonspecific background fluorescence, despite the fact that brightfield microscopy yielded distinct images of the precipitate. The addition of 9% PVA marginally improved the sharpness of localization of the six AP reaction products, but it did not influence the characteristics of the precipitates with respect to epi-polarization microscopy. When the CAS Red kit was used, only very intensely fluorescent cell structures displayed a weak orange image with epipolarization microscopy. On the other hand, the IGS product (even up to an intense black brightfield signal) did not show any signal when observed with the rhodamine fdter set. Quenching of fluorescence signal by an intense IGS product, or quenching of epipolarization signal by an intense AP reaction product was not observed.
The double staining results are illustrated in Figures 1-4 , showing both color and blacklwhite photographic recording of fluorescence and epi-polarization microscopy. Double exposures ( Figures  1C-4C) show examples of separate and of overlapping staining pattems. In the latter circumstance, sites of co-localization are distinguished readily from both basic colors (Figure 3) . The results of the CD4/CD8 double staining on the thymus using Protocol b were according to expectation: immature thymocytes in the cortex expressed double positivity, whems mature thymocytes in the medulla appeared either single CD4 or CD8 positive (not illustrated). The control specimens were completely dark when observed with the IGS filter set, and with the rhodamine filter set only a weak nonspecific background staining was seen.
Discussion
We present here a method for double staining that combines Immunofluorescence and immunoenzymatic techniques. The technique is based on combination of the k t o n Dickinson CAS Red AP activity revealing kit, in which the reaction product shows an intense red fluorescence on green light arcitation but no signal with epi-polarization illumination, and the IGS technique, which produces a distinct signal with epi-polarization but no fluorescence signal.
Thus far, it has been reported that the red fluorescence of the N-ASMX-PIFRTR reaction product does not fide on green light excitation or storage of the specimen (15) . Speel et al. (17), who studied this aspect in more detail, described that only at a highly (Figures lA-4A) . an IGS filter set (Figure 18-48) , and double exposures showing both signals ( Figures 1C-4C) . Figures  1D-4D and Figures lE-4E show the same sites as illustrated in Figures 1A-4A and Figures 18-48 in black-and-white phctography. Bar = 32 pm. Figures 1 and 2 . Paraffin section of a coronary artery with atherosclerotic changes, double stained for smooth muscle cells (1A4 antibody) and macrophages/endothelial cells (HAM56 antibody) according to Protocol d. Figure 1 . The adventitia contains a small muscular artery with staining of smooth muscle cells of the media in red (AP fluorescence signal), and en. dothelial cells and adjacent macrophages in blue (IGS signal). intense green light exposure, longer than 40 min, some fading became apparent. Our observations with the CAS Red kit confirm these data. Using an older type of fluorescence microscope, there was no fading at all, but the same specimen examined with the Olympus BHS fluorescence system showed fading after 10 min of green light exposure. Reduction of the green light excitation by a gray filter (25% transmission) decreased the fluorescence intensity with about a factor of 2, and fading was minimal. At the time of writing this manuscript, the oldest specimens have stored for 12 months at RT, sheltered from direct light, and still exhibit bright fluorescence and epi-polarization signals.
Despite the fact that the AP/antibody conjugates were diluted two to five times more for the fluorescence technique than for the brightfield method, the staining efficiencies are at least similar or who studied this aspect in more detail. Since minute amounts of the AP activity reaction product already showed intense fluorescence, it is generally recommended to stain AP activity until the moment it becomes weakly visible with brightfield microscopy. Our observation that a stronger brightfield signal does not yield a more intense fluorescence signal has been reported also by others (17,27).
To prevent a general nonspecific background fluorescence ('Gable I), the AP activity detection should be completed in less than 5 min. This background fluorescence is almost certainly caused by spontaneous binding of chromogens to tissue components (13).
The superior staining efficiency of the IGS technique, is be- yond dispute (2,7) , especially when ultra-small gold-labeled antibodies are used (3,12,24). Because ofthe high sensitivity ofepi-polarization compared with brightfield illumination (4), the ultra-small gold particles were silver-enhanced just up till the moment that a brownish silver precipitate became visible with brightfield microscopy.
In the double staining protocols, AP activity was developed first, followed by silver enhancement. However, the order of visualization did not make much difference, at least with the four tested antibody combinations. Because silver enhancement should be performed after removal of all buffer salts, it is most convenient from a practical point of view to perform AP activity development first.
Another reason to perform silver enhancement last is that a silver precipitate may shelter an antigen or even a complete antibody ''tree" during double staining @,lo), a similar phenomenon to that reported for the diaminobentidine polymer after the peroxidase reaction (18). Thus far, the sheltering effects of AP chromogens have not been described. Apart from that, it seems highly unlikely that the formation of only discrete amounts of AP reaction product can cause "hiding" of the antigen. In immunoentyme double staining protocols, the question arises of which antigen should be stained and in what color (23); for the present double AP/IGS epiillumination technique, the choice is less pressing because the final reaction products are identified separately. If a precise localization of an antigen is needed, however, one may consider the more precise IGS method instead of the AP technique.
For the first time since the description of double immunofluorescence, a double staining technique is described that allows separate observation of the two antigens. Its major advantage m r uaditional double fluorescence is the fact that stained specimens can be stored at RT for a considerable length of time without sponta-neous fading of fluorescence, while bleaching caused by excitation light is minimal. The present double epi-illumination technique is simple, utilizes commercially available reagents, and is compatible with current immunoenzyme double staining protocols.
